Abstract. Plasma convection measurements by the Goose Bay and Stokkseyri SuperDARN radar pair and the Sondrestrom incoherent scatter radar are compared in three different ways, by looking at the line-of-sight (l-o-s) velocities, by comparing the SuperDARN vectors and corresponding Sondrestrom l-o-s velocities and by comparing the end products of the instruments, the convection maps. All three comparisons show overall reasonable agreement of the convection measurements though the data spread is significant and for some points a strong disagreement is obvious. The convection map comparison shows a tendency for the SuperDARN velocities to be often less than the Sondrestrom drifts for strong flows (velocities > 1000 m/s) and larger for weak flows (velocities < 500 m/s). On average, both effects do not exceed 35%. Data indicate that inconsistencies between the two data sets occur largely at times of fast temporal variations of the plasma drift and for strongly irregular flow according to the SuperDARN convection maps. These facts indicate that the observed discrepancies are in many cases a result of the different spatial and temporal resolutions of the instruments.
Introduction
Plasma convection in the high-latitude ionosphere is a key parameter describing energy transfer from the solar wind to the magnetosphere and the ionosphere. Convection patterns have been studied by several methods; over the last two decades the most popular were direct satellite measurements (e.g. Hairston and Heelis, 1990) , incoherent scatter radar measurements (e.g. Foster, 1983; Senior et al., 1990) and coherent radar measurements (Greenwald et al., 1995; Ruohoniemi and Greenwald, 1996) . There are certain advantages to each
Correspondence to: A. V. Koustov (koustov@dansas.usask.ca) of the above methods. Satellite measurements give information on a global scale, though data are limited to one trajectory and typically to a convection component perpendicular to the satellite path. A monostatic incoherent scatter radar (ISR) provides continuous monitoring of convection either in a very localized region of the ionosphere, with time resolution on the order of a few minutes (fixed antenna positions) or over extended regions by continuous scanning of the antenna, with time resolution on the order of 4 or more minutes. Super Dual Auroral Radar Network (SuperDARN) HF coherent radars, which gained popularity in the 1990s, have a reasonable time resolution of 2 min and significantly larger spatial coverage than incoherent scatter radars. However, the SuperDARN radars often suffer from the lack of echoes either due to the absence of ionospheric irregularities or due to strong HF radio wave absorption in the ionosphere.
Though each of the above methods, as conceived, provides plasma convection vectors, different spatial and temporal resolutions of the systems and specifics of their operation modes can lead to different values for plasma convection. A thorough and systematic intercomparison between different systems monitoring plasma convection has not been published yet, though the electric field data are widely distributed to the space science community.
In this paper, we compare plasma convection estimates as given by SuperDARN and the ISR at Sondrestrom, Greenland. The main objective of this study is an assessment of these systems' plasma convection measurements by considering three different approaches. The first is a straight lineof-sight (l-o-s) velocity comparison at about the same locations and directions. The second approach is a comparison of SuperDARN convection vectors with the l-o-s velocity measured by the Sondrestrom ISR. These two approaches have also been employed in the past, as described in the next section. A new approach considered below is a comparison of 2-dimensional vectors inferred from SuperDARN convection maps and Sondrestrom convection profiles along the meridian.
Both methods of plasma convection measurements, using coherent and incoherent radar observations, are well established (e.g. Greenwald et al., 1995 and Kelley et al., 1995) . An incoherent scatter radar measures the l-o-s velocity with high accuracy provided that a sufficient amount of ionospheric electrons are present to produce strong return signals. For the Sondrestrom ISR, electron densities exceeding 1×10 4 cm −3 are necessary to provide adequate return signals. The ISR-derived velocity corresponds to a bulk motion of the F region thermal plasma fluctuations and thus represents the true plasma convection in the ionosphere. Depending on the antenna sequence, the assumptions made when calculating the plasma convection vary. Overhead measurements employing discreet beam dwells near zenith assume spatial homogeneity over a small region and temporal stability over a few minutes.
For the Sondrestrom ISR data discussed here, the technique relies on scanning the antenna to combine individual l-o-s measurements from identical latitudes but different longitudes to yield a resolved velocity. This technique assumes longitudinal homogeneity (not exceeding a few hundred kilometers in the F region) as well as temporal stability (four minutes or less) and ignores the component of the velocity parallel to the magnetic field. Thus, even though direct measurements of this radar are of high accuracy, a number of adopted assumptions places certain limitations on this instrument.
Coherent HF radars also measure the l-o-s Doppler velocity, but this velocity corresponds to the drift velocity of ionospheric plasma irregularities. To estimate the convection, one has to assume that plasma irregularities in the F region move with the velocity close to the E×B drift of electrons and ions. In addition, to make a vector of plasma convection, one has to assume that the observed l-o-s velocity is a cosine component of the total plasma drift vector (thus also ignoring velocities parallel to the magnetic field).
It is expected that differences between coherent and incoherent radar methods of velocity determination are small (Ruohoniemi et al., 1987) . In the past, several attempts have been made to assess how compatible are the convection estimates from these two techniques. Villain et al. (1985) and Ruohoniemi et al. (1987) were the first who compared the HF radar Doppler velocities along a specific radar beam with plasma convection measurements performed by ISRs along the HF beam, using the EISCAT and Sondrestrom radars, respectively. Both studies found reasonable agreement of the HF radar estimated convection and convection measured independently. Later Baker et al. (1990) and Grant et al. (1995) found that HF-inferred convection velocity corresponds reasonably well to satellite plasma drift measurements and to plasma drifts derived from ionosonde drift observations.
There have been, however, some differences that were not the primary focus. For example, data presented by Ruohoniemi et al. (1987) show that the Goose Bay l-o-s veloci- Viewing zones of the Goose Bay and Stokkseyri Super-DARN HF radars, location of the Sondrestrom incoherent scatter radar (circle) and an ionospheric area (outlined by crosses) through which the Sondrestrom radar has been scanning for plasma drift measurements (at a height of 400 km). The direction of the Sondrestrom radar beam cycling was from the beam position corresponding to point #1 to beam position #12 and, after quick antenna repositioning, from direction #13 to direction #24. Also shown are PACE lines of equal magnetic latitudes =70 • and =80 • . The dark band indicates one of the regions used for data averaging.
ties are sometimes larger than plasma drifts (according to the Sondrestrom ISR) for strong drifts of more than 600 m/s (see their Fig. 11 ). Data of Baker et al. (1990) show the opposite effect in some measurements; the Halley radar l-o-s velocities are smaller than plasma drifts observed by the DMSP satellite (see their Fig. 3 , latitudes around 69 • ).
Recently, a more comprehensive comparison of HF l-o-s velocities and corresponding plasma drifts measured by EIS-CAT along the Finland CUTLASS HF radar beam #5 was reported by Davies et al. (1999) . The authors concluded that there was an overall reasonable correspondence between measurements. However, inspection of individual points show significant data spread so that velocities differ by 2 or more at times. Also, these data show a general tendency for the HF l-o-s velocities to be smaller than the EISCAT measured drifts (the slope of the linear regression line is 0.7, Fig. 6 ).
Observations
In this study, data gathered by the Goose Bay-Stokkseyri SuperDARN radar pair are compared with measurements by the Sondrestrom ISR located in Greenland (67 • N, 51 • W, magnetic latitude 74.2 • ). Two events, 10 March 1998 and 3 June 1998 are considered. Figure 1 shows an experiment setup with the field of view of the Goose Bay-Stokkseyri radar pair and the area, outlined by crosses, where convection measurements have been carried out by the Sondrestrom ISR (circle). The ISR is located at a distance of ∼1600 km from Goose Bay, between beam positions #10 and #11 (the azimuth from Goose Bay is 15 • east of north) and at ∼1400 km from Stokkseyri (the azimuth is 62 • west of north), between beam positions #6 and #7. The dark band on Fig. 1 indicates one of the regions (centered on 76 • invariant latitude) that will be used later for data averaging.
Experiment configuration
The SuperDARN radars (Greenwald et al., 1995) were operated in the standard mode with their beams being scanned through 16 azimuthal positions with common fields of view (see Fig. 1 ). The duration of one full scan was about 2 min. Scatter from all possible ranges (180 km -3000 km) with a 45 km gate was recorded. Recorded l-o-s velocities of individual radars were then merged at the radar beam crossings to obtain convection maps.
A detailed description of the Sondrestrom ISR can be found in Kelly et al. (1995) and references therein. For the two sets of Sondrestrom measurements analyzed for this study, the antenna operated in a mode designed to give hightemporal resolution measurements of the plasma convection versus latitude. The resolution of the transmitted pulses used for both these data sets was 48 km. The antenna mode and velocity resolving technique are described here, followed by a summary of its limitations.
The antenna performed alternating composite scans at a variable rate that gives constant ground tracking. These composite scans move the antenna in both azimuth and elevation such that it defines a plane parallel to the PACE magnetic meridian but offset to the magnetic east or west by 25 • degrees of elevation at the zenith. (The elevation at the ends of the scans is 30 • , and is 65 • as the scan "passes" the latitude of the radar site, to the east or west.) The scans are centered on 333 • azimuth so they are perpendicular to the local L shell. The "west" scan begins in the northwest and scans through the west to the southwest (all in the magnetic frame). The antenna is then quickly driven from the end of that scan to the beginning of the "east" scan, which takes approximately 30 s. The antenna then scans from the northeast, through the east, and ends in the southeast, and the cycle repeats by returning to the beginning of the west scan. For the data from 10 March 1998, the scans took four minutes each. The data were integrated for 20 s, giving 12 records per scan. The scans from 3 June 1998 took 5 1/2 min each, and the data were integrated for 24 s, giving 14 records per scan. The crosses in Fig. 1 show the location of the middle of the radar beam for each integrated record at an altitude of 400 km for the antenna scans of 10 March 1998.
The resolved velocities are estimated by combining the lo-s velocities from gates above 180 km altitude from the east and west scans. The range gates from the first record of the west scan are combined with those of the first record of the east scan. Each range gate has a unique magnetic latitude and a corresponding range gate from the opposite scan. After the west scan has been combined with the east scan to produce a full set of resolved velocities versus latitude, the data from the original east scan are then combined with the data from the next west scan, and so on. In summary, data have been combined from two different regions to produce one vector, and that vector is assigned to the latitude of the two disparate l-o-s velocities. The spatial separation of the two original points increases with increasing range/altitude.
Using this technique to estimate the resolved velocity, the velocity parallel to B is assumed to be zero, and longitudinal homogeneity and temporal stability are assumed as well. Obviously, if there are longitudinal differences in the flow (for instance, due to a shear reversal that is not parallel to the L shell) or temporal changes from one scan to the next (as would happen with a substorm onset), then the validity of this technique is compromised.
In this paper we also compare directly measured l-o-s velocities as observed by the two systems for some beam positions. The geometry and details of this comparison are given in Sect. 3.3.
Overview of the events
Figures 2 and 3 give a general idea of the ionospheric convection magnitude and direction for the two days. Here the Sondrestrom ISR data for latitudes around 75 • and 76 • respectively are presented by solid small circles while HF radar data (15 min averages) at about the same latitudes are shown by open circles.
The 10 March 1998 data ( Fig. 2 ) span more than 6 hours. The magnitude of plasma flow varied between 100 m/s and 1500 m/s and the flow direction changed from eastward at the beginning of observations (1000-1300 UT) to westward in the middle (1330 -1500 UT) part and to preferentially northeastward flow at the end of the event. Such large variations in the plasma flow provided an excellent opportunity for the SuperDARN/Sondrestrom comparison over a wide range of convection magnitude and direction.
Sondrestrom observations for the 3 June 1998 event ( Fig. 3 ) also cover a long period (almost 8 hours), but SuperDARN data are primarily available for the period 1000-1330 UT. As one can see, the plasma flows are fairly slow, mostly less than 500 m/s. This might be the reason for the low echo occurrence in this event. Another factor contributing to the low echo occurrence could be enhanced radio wave absorption; this event occurred during summer. Convection azimuth variations are also significant. SuperDARN data for both events roughly show the same trends, though there are differences, both in magnitude and azimuth. In the next sections, the Sondrestrom and Super-DARN convection data are compared in more detail.
Range profiles for the line-of-sight velocity
We start exploring the ISR and SuperDARN velocity data by directly comparing the l-o-s velocities in a fashion similar to Ruohoniemi et al. (1987) . Figure 4 explains the approach. Here the orientation of the Stokkseyri beams #6 and #7 and the Goose Bay beams #10 and # 11 are shown, as well as the ionospheric areas where the ISR l-o-s velocity measurements have been carried out. Only those Sondrestrom beam positions have been considered that were well inside the HF radar beams, so that direct comparison of measured velocities is justifiable.
For the comparison, all distances were counted from the HF radar locations, either from Stokkseyri or Goose Bay. One should mention that with HF data, there is always some uncertainty in the actual position of the scattering area (Ruohoniemi et al., 1987; André et al., 1996) . The altitude of measurements is one of the factors. We believe that SuperDARN measurements considered in this study have been performed in the F region through direct propagation mode. Two supporting arguments are that the distances considered are well beyond over-the-horizon distances for the E region echoes, and elevation angle measurements for most of the periods indicate moderate angles of about 15 • -20 • , suggesting direct F region scatter. Scatter from the F region can come from a wide range of altitudes, so that an uncertainty in the echo location as large as 50-100 km is possible (André et al., 1996) . In Fig. 5 we compare the profiles of HF and ISR l-o-s velocities (horizontal component) for six periods of observations on 10 March 1998. Here closed solid circles represent the ISR measurements, while squares, triangles and diamonds show the HF radar velocities. For Sondrestrom, the polarity of the velocity was changed if the radar was looking toward the Stokkseyri radar. The left column of panels in Fig. 5 shows periods for which agreement between HF and ISR observations is reasonable. At 1750 UT, it is good in almost all points. Moreover, one can see that even if the position of Sondrestrom measurements has to be moved by 50-100 km along the ranges of the Stokkseyri radar, agreement is still reasonably good. The next frame, 1532 UT, shows a more complicated situation with a transition of convection from −600 m/s at near range 1800 km to −900 m/s at 2000 km. Sondrestrom data "reproduce" this variation quite well. The next frame, 1159 UT, shows reasonable agreement between the Goose Bay and Sondrestrom velocities for an event where there was a strong variation within the range of the Goose Bay echoes; the l-o-s velocity changed from −100 m/s at 1000 km to −1200 m/s at 1600 km. Sondrestrom drifts are quite consistent with the Goose Bay measurements at distances of 1500 km, except one point, located away from a general cluster. We should note that such "anomalous" points have been observed in both SuperDARN and Sondrestrom data and they might be one of the reasons for significant inconsistencies in the total vectors.
At 1740 UT, the judgment on consistency is more complicated. At distances of 1500-1600 km, the SuperDARN/Sondrestrom velocities agree perfectly, while at larger distances different trends are very obvious with velocity differences as large as 250 m/s. The next frame, 1615 UT, illustrates the situation where HF data show a very clear negative peak in the velocity at 1700 km. One might even think that this is an anomalous point. However, the Sondrestrom velocity follows a similar range profile with a spike at 1700 km, though not as strong as seen in the SuperDARN data. One should mention that there are significantly stronger uncertainties in the SuperDARN velocity measurements for this frame, so that this might be a reason for the observed differences with Sondrestrom measurements. The last frame, 1329 UT, shows that even for quite smoothly varying HF velocity range profiles in two Stokkseyri radar beams, there is a significantly different Sondrestrom velocity. For this frame, the difference is 250 m/s. We should stress that this example is not unique; larger differences sometimes have been observed.
Projected Sondrestrom line-of-sight velocity and SuperDARN convection
The previous section demonstrates that l-o-s velocities measured by the SuperDARN and Sondrestrom radars agree well in most cases but definitely not in all. To extend the comparison further we try a more complicated approach similar to Ruohoniemi et al. (1987) and Davies et al. (1999) . Namely, we consider every 2 min SuperDARN convection map as an ideal representation of the plasma drift. Within every 2 min interval we consider those Sondrestrom beams (measurements of the l-o-s velocity) for which the radar cells are located within a 40 km circle of distance from any of the SuperDARN vectors. Typically, the time difference between the Sondrestrom l-o-s velocity measurements and the SuperDARN convection vectors was on the order of 1 min. The Sondrestrom l-o-s velocity from a qualified cell is then projected onto the matched SuperDARN convection vector direction by considering the azimuth difference. The result of this comparison for the 10 March and 3 June events is presented in Fig. 6 .
Clearly, the majority of points lie around the bisector representing the line of ideal correspondence. One would expect a reasonable agreement, bearing in mind a good correspondence of l-o-s velocities, as discussed in previous section. Certainly, there are some points in strong disagreement. Analysis shows that many of these points were obtained during periods of strong plasma flow changes, in time and in space. For example, we indicate in Fig. 6a a cluster of points that was obtained around 1515 UT on 10 March 1998 when observations were made near the convection reversal (see data presented in the next section). However, there is no such a single or direct explanation apparent in the Super-DARN data for all discrepancies.
2-D convection comparison, approach to averaging
It is clear that the experiment configuration does not allow us to perform a point-by-point 2-D comparison, neither in time nor in space. To make such a comparison credible in terms of time, we averaged the SuperDARN data over 6 min intervals (three scans) corresponding to each individual Sondrestrom point by including only those SuperDARN measurements that were obtained during intervals as close as possible Fig. 1 ). This way, the "effective" latitudinal resolution of the two sets of measurements is comparable. For SuperDARN data, only those points have been considered for which separation from the Sondrestrom magnetic meridian was not more than 200 km, either magnetically westward or eastward (vector inside the "box" of Sondrestrom measurements). Since Sondrestrom data showed noticeable variability, only those bins have been considered for which there were at least two Sondrestrom measurements.
Meridional profiles of convection
Figures 7b, 7c and 8b, 8c show meridional profiles of the SuperDARN and Sondrestrom plasma drift magnitude and azimuth for the corresponding intervals (panels (a)). The SuperDARN measurements are indicated by solid circles (small circles for individual vectors, large circles for averages over the bin values) while the Sondrestrom measurements are represented by open circles (small circles for individual measurements, large circles for averages over the bin values). The azimuth was counted clockwise from geographic north.
In Figs. 7b, 7c , the magnitude of the convection as measured by SuperDARN is about the same as that from Sondrestrom. There are noticeable differences at latitudes around 77 • as expected, since flow, according to SuperDARN measurements did not look L-shell homogeneous. The Super-DARN/Sondrestrom differences in azimuth are not large.
In Figs. 8b, 8c , the SuperDARN/Sondrestrom differences in the magnitude and azimuth of the convection are more significant, overall; SuperDARN points at latitudes equatorward of 73 • and around 77 • have magnitudes 20-40% smaller than the Sondrestrom drifts, though the azimuths agree reasonably well at lower latitudes and differ by 30 • -40 • at higher latitudes. can be found that the equation V SD = 0.42V I SR + 370 is the best fit to the data points. In terms of the slope, the value of 0.42 is much less than those reported by Davies et al. (1999) and Ruohoniemi et al. (1987) .
If one concentrates on data differences, one can see in Fig. 9a two features of the convection magnitude: overall larger SuperDARN velocities at Sondrestrom drifts of less than 500 m/s, and somewhat smaller SuperDARN velocities at Sondrestrom drifts of larger than 1000 m/s. Points of comparative "overestimation" and "underestimation" of more than 35% constitute about 33% of all measurements.
For the convection azimuths, Fig. 9b , differences are typically less than 50 • . The 50 • deviation in azimuth from the line of ideal agreement is shown by the dashed lines. About 75% of the points have a difference of less than 50 • . Notice that significant inconsistencies occur for the SuperDARN (Sondrestrom) azimuths around ±60 • , from the direction to North. As subsequent analysis showed, many of these points of poor agreement in azimuth occurred for observations near the convection reversal region.
To reveal general trends in the data presented in Figs A separate issue concerns a relationship of cases with poor correspondence in magnitudes to cases of poor correspondence in azimuths. The overall conclusion from the data is that there is no dominating combination; one can have a poor agreement both in azimuth and magnitude as frequently as a poor agreement only in azimuth.
Discussion
The idea of this study was to see whether the plasma convection vectors measured by two radar techniques are the same if one uses similar temporal and spatial "post-processing" resolutions. The data presented in this study, to a large extent, confirm the previously reported conclusion that the convection velocities inferred from HF Doppler data correspond, to a first approximation, to the plasma drifts measured by the ISRs. In addition to the approaches of Ruohoniemi et al. (1987) and Davies et al. (1999) , we compared the magnitude and the direction of convection vectors or in other words, full vectors, not only the HF l-o-s velocities and the component of the ISR-measured plasma drift along one specific HF radar beam. We can claim that our comparison extends the previous conclusion on a two-dimensional case. Also important to note is that in this study, a much broader range of plasma drifts has been considered.
In addition to the major result of this study about general consistency in convection estimates by the SuperDARN HF radars and the Sondrestrom ISR, we simultaneously stress the fact that there are velocity differences which are sometimes significant. At some points, the velocities can differ by a factor of 2, though on average, we would say that the differences are not more than 30-40%. Differences in velocity azimuth are typically less than 50 • . The inconsistencies between HF radar estimates of plasma convection and plasma drifts measured independently by ISRs have been previously observed (Villain et al., 1985; Ruohoniemi et al., 1987; Davies et al., 1999) .
Several circumstances should be considered before any serious conclusions are drawn from the results of our comparison. It should be mentioned that this study considers data gathered during routine observations by the instruments, so that no special efforts have been made to optimize the joint observations or improve the quality of the data. This limited, to some extent, the importance of our conclusions (a special mode designed for the comparison would give better data coverage and better time resolution. Better ionospheric conditions would also improve the comparison). However, the considered data provided an excellent opportunity for a fair assessment of their consistency, and in this sense, this study contributes to the knowledge in the field.
Role of micro-structure in plasma flows
The microstructure (temporal and spatial) of ionospheric flows can be a significant factor affecting the correspondence of HF and ISR convection measurements. The considered events were in the noon sector where one would expect a stable convection pattern (e.g. Foster et al., 1981) . This was not the case. Figure 2 shows that strong variations of the plasma drift magnitude and direction occurred around 1400 UT and 1500 UT. SuperDARN maps show that for a period of 6 minutes, SuperDARN-measured convection often experienced fluctuations on the order of 30% and more. One more feature is that many points in poor agreement, for example, the ones indicated by an arrow in Fig. 6 , correspond to periods of quick changes in the convection (1515 UT for the 10 March 1998 event).
Besides temporal variations, SuperDARN maps show significant spatial variations. This effect can seriously impact the Sondrestrom calculations since those require an assumption of homogeneous plasma flow along L-shells over 300-500 km. Data presented in Figs. 7a and 8a illustrate the violation of this assumption for some points of the measurements. Unfortunately, SuperDARN coverage across the Sondrestrom box was typically not sufficient to say whether the flow was indeed homogeneous longitudinally (data presented in Figs. 7 and 8 are exceptions) .
There is a special question about localized spikes in the convection. As mentioned in Sect. 3.3, spikes in the data are typical features of both radars' data sets. When spiky data are compared, significant differences between two estimates are inevitable. One can suggest that the existence of localized plasma structures with enhanced/decreased convection flows might give an apparent difference in velocity estimates. As we demonstrated in Sect. 3.3, the data spikes in Sondrestrom data are not always accompanied by spikes in SuperDARN data and vice versa. One of the reasons for that is the significantly different physical spatial resolution of the instruments. The post-integration of SuperDARN data cannot fix this problem. In this sense, one can even say that the comparison itself may not be so credible in many instances (at least, the results of the comparison are inconclusive in terms of data quality). However, from the user's view point, this issue is not so important. Ultimately, users of the convection data are not aware of experiment details and rely entirely on the end products, convection maps (SuperDARN) or meridional profiles of the convection (Sondrestrom).
Impact of field-aligned motions on ISR velocity estimates
As mentioned in Sect. 3, the Sondrestrom procedure for deriving convection estimates assumes that there is no plasma flow along the magnetic field lines. The HF radars impose a similar assumption but make their measurements at low elevation angles and, in addition, refraction bends the radar waves so that the effect is relatively small. For the Sondrestrom ISR measurements, this assumption can lead to errors when observations are made at high elevation angles near the magnetic field line (elevation angle ∼80 • , azimuth angle
Consider a worst case scenario for the antenna mode used in this study with the ISR radar beam approaching the magnetic field line to within an angle of 15 • . Also, for simplicity, assume the measured l-o-s vector lies in the plane that contains the total ion velocity. In this plane, the velocity in the E×B direction may be expressed as V E×B = V LOS /cos(elevation angle)-V ·tan(elevation angle), where V LOS is the measured l-o-s velocity and V is the fieldaligned velocity. Often field-aligned flows are less than a hundred meter per second, but can still have an increasing influence on the derived E×B drift velocity at high elevation angles. If we assume zero field-aligned flow and an observed l-o-s velocity of 500 m/sec, the E×B drift velocity will be greater than 1900 m/sec. Including a field-aligned velocity of 100 m/sec results in about a ±20% change in the E×B drift velocity with the sign depending on the direction of the field-aligned flow. This example indicates that the convection velocities at points high in elevation during the radar scan could be in error by a few tens of percent; however, this depends on the relative velocities of the horizontal and vertical ion motion.
Potential contribution of SuperDARN uncertainties
As far as HF measurements are concerned, several effects might contribute to observed differences between Super-DARN and Sondrestrom velocities. First of all, the standard SuperDARN merging software uses the so-called median filtering (Ruohoniemi and Baker, 1998) . Basically, the recorded l-o-s velocities are filtered to exclude measurements with strongly different velocities and to replace these measurements by the weighted number of velocity over the neighboring radar cells. We applied this kind of filtering to Goose Bay data for one of the beams and found that filtering can result in both an effective decrease of the reported velocity in a case of large original cell velocity and an effective increase in the reported velocity in a case of low original cell velocity. The change in values can be as strong as 200 m/s. This change can certainly be enhanced when data from two SuperDARN beams are merged.
Another important factor is radio wave propagation effects for HF. We would like to state clearly that with the data available, it is impossible to sort out for certain the overall importance of these effects, not to mention the importance of specific propagation effects. Milan et al. (1997) showed that far-distant SuperDARN echoes (ranges ∼2500 km) can be received from E region (not F region as assumed) through a special propagation mode called 1&1/2 hop mode. For this mode, radar rays, after reaching the ionosphere, are reflected toward the Earth's surface, then they are reflected one more time from the ground to finally reach the ionosphere, where they are scattered back by ionospheric irregularities. It is well known that velocities of electrojet irregularities (E region) can be "saturated" at a value of the ion-acoustic speed (∼400-500 m/s) for large electric fields (e.g. Greenwald et al., 1995) . This could be considered as a reason for the smaller HF-inferred convection velocities as compared to the ISRmeasured plasma drifts.
We do not think that E region scatter was significant for our observations. First of all, elevation angle measurements typically show angles of 15 • -20 • which is just what one needs for direct F region scatter. Secondly, no evidence for ground scatter at ∼1000 km has been found for both radars to support the 1&1/2 hop propagation mode scenario. And finally, neither SuperDARN range velocity profiles (Fig. 5) nor the ISR projection drift/SuperDARN velocity diagrams (Fig. 6) show clear clustering of the data near 400 m/s.
Another potential source of observed velocity discrepancies is an uncertainty in the actual position of the HF radar scattering area in the azimuthal direction. Experiments show the possibility of significant lateral deviations of HF radio waves from expected direct propagation paths. For example, HF radio wave deviations from the direction "transmitterreceiver" can be as large as 50 • in azimuth for a very inhomogeneous ionosphere (MacDougall et al., 1997) . Such an effect, if it were significant for the SuperDARN radar measurements, would result in merging l-o-s velocities from completely different spots of the ionosphere. The effect of lateral ray deviations might be enhanced since SuperDARN radar antenna patterns do not show extreme directionality as assumed in the data processing software.
Finally, one might think about plasma-physical explanations of the observed plasma convection inconsistencies. It is widely accepted that the phase velocity of F region irregularities with respect to the E×B flow is very small compared to the E×B velocity (e.g. Ruohoniemi et al., 1987) . The question as to how small has not been discussed, to the author's knowledge. There might be some factors increasing the difference. One of the effects to be considered is plasma acceleration during the onset of a strong electric field.
Summary
In this paper, convection measurements by the Goose Bay and Stokkseyri HF coherent radars and Sondrestrom ISR are studied at three different levels. First, the l-o-s velocities at about the same locations and directions were compared. Then the SuperDARN velocity and the Sondrestrom l-o-s velocity projected onto the SuperDARN convection vector were compared. Finally, the 2-D velocity vectors, as inferred by the systems from the l-o-s velocities, were considered. We demonstrate that the l-o-s velocities for these instruments usually show similar trends and often agree reasonably well, though there are anomalous points of strong disagreement. Similarly for the majority of points, the Sondrestrom l-o-s velocities projected onto the SuperDARN convection vectors are in agreement with the SuperDARN observed convection vectors though some differences are also obvious, sometimes even in the direction of the flow. A fair degree of agreement was found when 2-D vectors were compared. In terms of the velocity magnitude, agreement is better in the range of 500-1000 m/s plasma velocities. There is a tendency for the SuperDARN velocities to be 10-30% smaller than the Sondrestrom velocities at large drifts of more than 1000 m/s and larger at small drifts of less than 500 m/s. The amount of large-velocity points is not appreciable, so the effect of inconsistency requires further investigation. In terms of the flow direction, the SuperDARN and Sondrestrom vectors agree within ±50 • .
We noticed that strong SuperDARN/Sondrestrom discrepancies occurred in those areas of the ionosphere where plasma flow (according to SuperDARN measurements) exhibited a strong variation in time, in magnitude and direction. For such periods, it is expected that the assumption of flow homogeneity along L-shell contours, adopted in Sondrestrom measurements, was not satisfied and this led to errors in the convection measurements for some points. Joint data for more stable and spatially uniform ionospheric flows are required to prove that there are no other reasons for the inconsistencies between the SuperDARN and Sondrestrom convection measurements. Particularly, the origin of anomalous points of strong disagreement in the l-o-s measurements of both instruments needs to be explored.
